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background: The transcription-reverse transcription concerted reaction (TKC) test is a novel molecular-based procedure, which can 
assess nodal nnetastasis accurately and quickly. We exannined the usefulness of the TRC test with a double nnarken cytokeratin 19 
(CKI9) and carcinoembryonic antigen (CEA) nnRNA, to detect sentinel lymph nodes (SLN) metastasis in breast cancer patients. 
methods: a total of 264 SLNs from I 3 I breast cancer patients were assigned to a training set (109 SLNs from 50 patients) and 
validation set (155 SLNs from 81 patients). Cytokeratin 19 and CEA mRNA were detected by TRC tests, and the sensitivity and 
specificity of the SLN metastasis between the TRC and histology cohorts were compared. 

results: Mean copy numbers of CKI 9 and CEA by TRC tests were increased according to the metastatic size. In the training set, TRC 
test showed 100% sensitivity, specificity and concordance rates against the permanent histo pathology test. In the validation set, 
sensitivity was 97.1%, specificity was 99.2% and the concordance rate was 99.4%. 

conclusion: Our results showed that the detection of CKI 9 and CEA mRNA using the TRC test is, an accurate and rapid method 
for detection of SLN metastasis and can be applied as an intraoperative molecular diagnosis in breast cancer patients. 
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Axillary lymph node status is one of the most important 
prognostic factors for breast cancer patients (Fisher et a/, 1993). 
The sentinel lymph node (SLN) is highly predictive for the status 
of the remaining axillary lymph node (Veronesi et al, 2003, Ferrari 
et aly 2006). As the SLN biopsy is a minimally invasive technique, it 
has readily evolved into the most up-to-date standard staging 
procedure in patients with clinically lymph node-negative early 
stage breast cancer (Lyman et a/, 2005; Purushortham et al, 2005; 
Kim et al, 2006; Mansel et al, 2006). Current guidelines 
recommend completion axillary lymph node dissection (CALND) 
for patients with SLN metastases (NCCN, 2011). This procedure is 
considered valuable in achieving regional control, identifying the 
tumour spread and obtaining accurate nodal staging for the 
selection of adjuvant chemotherapy and radiation therapy (Moore 
and Kinne, 1997). 

Recently, the American College of Surgeons ZOO 11 randomised 
clinical trial has found that axillary dissection is not necessary for 
survival or local control in the context of breast-conserving 
surgery with whole breast irradiation and systemic therapy. 
However, careful consideration is required in the evaluation of 
this study when it comes to patient as the number of patients 
enrolled in this trial was limited, and there were only a few patients 
with poor prognosis who had >3-positive SLN. The ZOOU trial 
has a potential role for avoiding CALND in a selected and limited 
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group of SN-positive patients, but the eligibility criteria and the 
role of systemic adjuvant therapies need to be elucidated further 
(Giuliano et al 2011). 

For evaluation of SLN, first intraoperative detection by 
conventional hematoxylin and eosin (H&E) histopathological 
examination of frozen sections is achieved, and then definitive 
postoperative histopathological examination by H&E and immu- 
nohistochemial (IHC) staining of permanent sections performed 
(Cote et al 1999; Torrenga et al, 2001). However, the H&E 
histopathological examination of single section suffers from a 
rather low sensitivity (Tanis et aly 2001). Although the false- 
negative diagnosis of SLNs can be reduced by serial sectioning 
with IHC staining, this procedure requires a substantial investi- 
ment of both time and money (van Diest et al, 1999). If the 
postoperative histological examination proves to be positive, 
patients are subjected to adjuvant lymph node dissection in a 
second surgery, which causes discomfort for the patients. There- 
fore, the development of a precise and objective intraoperative 
method for detection of SLN is important if we are to increase the 
accuracy of breast cancer surgery navigated with SLN. 

To overcome the problems associated with conventional 
histopathological methods, molecular detection of metastasis 
based on a quantitative reverse transcription-PCR (QRT-PCR) 
assay has been developed (Weigwlt et al, 2004; Nissan et al, 2006). 
Recently, we developed a novel rapid quantitative genetic assay 
based on the transcription-reverse transcription concerted (TRC) 
reaction system (Fujiwara et a/, 2007; Hayama et al, 2007; Ohashi 
et aly 2007). This method allows direct RNA amplification at a 
constant temperature without need for the three steps of thermal 



cycling. These advantages should facilitate rapid diagnosis, which 
could be applied for intraoperative diagnosis of SLN in breast 
cancer. However, because the development of a commercially 
available TRC reagent for cancer metastasis was only for the 
detection of carcinoembryonic antigen (CEA) mRNA, until now 
this system could not be applied to SLNs metastasis in breast 
cancer patients. 

In this study, we first developed a novel reagent to detect 
CK19 mRNA in the TRC assay. Next, we used this assay for 
intraoperative rapid diagnosis of SLN with metastasis in breast 
cancer patients and examined the sensitivity and specificity of the 
TRC assay with double markers (CK19, CEA) in comparison with 
the histopathological diagnosis. 



PATIENTS AND METHODS 
Clinical study protocol 

This study was approved by the ethical committee of Teikyo 
University, and all patients provided written informed consent. 
A total of 264 SLNs from 131 breast cancer patients with early stage 
disease were included. The study consisted of a sequential training 
set and a validation set. The first 109 SLNs from 50 patients were 
enrolled as a prospective training set between May 2007 and May 
2008, and cutoff values of CK19 and CEA mRNA were determined 
by analysing receiver operating characteristic (ROC) curves on the 
basis of the mRNA levels of these markers and histopathological 
results. The ability of these genetic markers to diagnose the 
metastasis of SLN on the basis of the predetermined cutoff values 
was then evaluated in the subsequent prospective validation set, 
which enrolled 155 SLNs from 81 patients between June 2008 and 
April 2010. 
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Detection of metastasis of SLN 

The SLN samples were determined by a combination of RI (99mTc 
phytate), isosulfan blue dye and indigocarmine intraoperatively, 
and were collected for histopathological examination and mole- 
cular detection by TRC. As shown in Figure lA, fresh lymph nodes 
were divided into two blocks, and then seven serial sections were 
cut from the cutting surfaces. Five sections with 5 fim thickness 
were cut for histopathological study and two sections with 15 fim 
thickness were cut for TRC assay. The sections of no. 1 and no. 3 
were used for quick intraoperative histopathological examination, 
slices no. 2 and no. 4 were used for the TRC assay, and no. 5, no. 6 
and no. 7 were used for the permanent section. As for the 
intraoperative histopathological study, H&E staining was per- 
formed. In the permanent histopathological study, H&E staining 
and IHC staining using the anti-human cytokeratin-multi AE1/AE3 
mouse mAb (CKl-8/10/14/15/16/19; Dako, Tokyo, Japan) and anti- 
human CEA mouse monoclonal antibodies (Dako) were examined 
in each sample. Metastases were classified according to the 
tumour-node metastasis (TNM) classification of the UICC 6th 
and AJCC 6th edition, and lymph nodes with ITC were considered 
negative. 

Transcription-reverse transcription concerted reaction 
reaction 

The principle of direct amplification of CK19 and CEA mRNA by 
TRC is schematically represented in Figure IB. A scissor probe is 
used to initiate TRC reaction and the promoter and antisense 
primers are the pair of primers for amplification. An interaction- 
activating fluorescence (INAF) probe is used to detect the mRNA 
amplification. The sequences of the primers, scissor probes and 
INAF probes are listed in Supplementary Table 1. 
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Figure I Preparation of SLN sections and principles of the TRC test. (A) Preparation of SLN sections for the TRC and pathological tests is shown. In the 
continuous histological section of SLN, no. I and no. 3 sections were prepared for rapid histopathological examination using the H&E staining. No. 2 and no. 
4 sections were prepared for the TRC method and CKI 9, CEA and PBGD (internal control) mRNA were measured by TRCRapid- 1 60. No. 5, no. 6 and no. 
7 sections were prepared for permanent histopathological examination by the H&E staining and IHC staining of cytokeratin and CEA. (B) Principles of the 
TRC test are summarised. The TRC reaction consists of a sequence of steps including trimming of mRNA with scissor probe and RNaseH activity of reverse 
transcriptase (RT), complementary DNA synthesis with RT, double-stranded DNA (dsDNA) synthesis by DNA polymerase activity of RT and subsequent 
transcription (mRNA amplification) of promoter-bearing dsDNA with T7 RNA polymerase. Detections of amplified CEA or CKI 9 mRNA are achieved 
with a gene-specific INAF hybridisation probe. 
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Total RNA was extracted using an RNAeasy Mini Kit (Qiagen, 
Valencia, CA, USA) in accordance with the procedure of 
manufacturer. Transcription-reverse transcription concerted reac- 
tion was measured according to the protocol provided by the 
manufacturer of the CEA TRCR test (Tosoh Corp., Kanagawa, 
Japan). As target genes of breast cancer, CK19 and CEA mRNA 
were selected and porphobilinogen deaminase (PBGD) mRNA was 
used as a housekeeping gene. The procedure of the TRC test was as 
follows. In the PCR tube, 20 fA of TRC buffer was added to 5 fA of 
the RNA extract, followed by an additional 5 fA of the enzyme mix. 
The tube containing the mixture was closed and set in a TRC 
monitor (TRCRapid-160; Tosoh Corp.), to measure the fluores- 
cence intensity of the reaction mixture incubated at 43 °C. They 
were assembled into one unit to enable synchronous scanning of 
the fluorescence while the tube was irradiated. The light- emitting 
diode turns like a beacon to irradiate the excitation light (470 nm) 
into a tube from the outside. The fluorescence (520 nm) is 
transferred from the bottom of the tube through a light guide. 
All samples were measured in duplicate. The mRNA in each 
sample was quantified automatically with reference to the standard 
curve of the positive control, as determined by the TRC software 
(Tosoh Corp.). Porphobilinogen deaminase was used to check the 
quality of the RNA from the SLN samples. 

Sensitivity tests of TRC assay 

First, sequentially diluted CK19 RNA synthesised in vitro (CK19 
standard RNA, from 50 to 3 x 10^ copy) and CEA standard RNA 
(from 50 to 1 X 10^ copy) were used for a sensitivity test of the TRC 
assay. Next, sequentially diluted CK19 and CEA-positive breast cancer 
cell line MCF7 (from 10 to 10^ cells) were mixed with peripheral 
blood mononuclear cells (PBMC; 10^ cells) obtained from healthy 
volunteers, and TRC assays for CK19, CEA and PBGD were performed 
as described above. These experiments were performed in duplicate. 
Breast adenocarcinoma MCF7 cell line was obtained from the 
Cancer Cell Repository of Tohoku University (Sendai, Japan). Cells 
were cultured in RPMI1640 medium supplemented with 10% foetal 
calf serum and 1% penicillin and streptomycin (Invitrogen Corp., 
Carlsbad, CA, USA) at 37 °C in 5% C02 atmosphere. 

Statistical analysis 

Sensitivity, specificity and concordance rates were determined 
by comparing the results of the TRC assay and pathological 
examination (intraoperative and permanent pathological tests). 
Data were analysed using JMP V 7.0 software (SAS Institute Inc., 
Cary, NC, USA). 



RESULTS 

Sensitivity and specificity of the reagents for the TRC assay 

In order to enable a comparison with the commercially available 
TRC CEA Kit, the reagent for CK19 mRNA has been newly 
developed for this study. We first examined the sensitivity of this 
reagent using the CK19 standard RNA (Figure 2A). In the test 
using the serial dilution of CK19 standard RNA (from 50 to 3 x 10^ 
copy), the working curve showed a straight line. This demon- 
strated the quantity of this assay (y = 0.999). In the examination of 
the CEA reagent, almost the same sensitivity (from 50 to 1 x 10^ 
copy) was demonstrated (7 = 0.997) (Figure 2B). Next, we 
examined the sensitivity of the CK19 and CEA mRNA reagent 
using the MCF7 breast cancer cell line. In the detection of CK19 
and CEA mRNA, MCF7 cells mixed with 10^ PBMC were detectable 
from at least 10 tumour cells, showing up as straight lines of 
working curves (7 = 0.998 in CK19 and 7 = 0.999 in CEA) (Figure 
2C and D). Although we examined the specificity of TRC regents 
for CK19 mRNA using the standard samples of CKl-8 and CK20 



RNA, significant amplifications were not detected (data not 
shown). 

These results suggest high sensitivity (1 tumour cell in 10^ 
PBMC) and specificity of the CK19 and CEA TRC reagents. 

Patients' characteristics 

Our clinical study consisted of sequential training and validation 
sets. Patient clinicopathological characteristics and cancer history 
for the training and validation studies are shown in Table 1. In a 
comparison of age, sex, menopausal status, primary tumour, 
histological type and stage, there were no significant differences 
between these two groups. 

Histopathological study 

Histopathological diagnosis was undertaken in two ways: intra- 
operative rapid diagnosis using H&E staining for frozen sections, 
and postoperative diagnosis using H&E and IHC staining for 
permanent sections. Supplemental Table 2 shows a comparison of 
these tests in serial sections from the same block. The metastasis- 
positive rates were 11.0% (29/264) in the intraoperative diagnosis 
and 17.4% (46/264) in the permanent diagnosis. Both positive SLNs 
of intraoperative and permanent diagnosis were 63.0% (29/46), 
and both negative SLNs were 100.0% (218/218). The overall 
concordance rate between the intraoperative and permanent 
diagnosis was 93.6% (247/264). There were 17 false-negative SLNs 
in intraoperative diagnosis, and these results may indicate the low 
sensitivity of the intraoperative pathological diagnosis. 

Cutoff of CK19 and CEA mRNA 

Using the training set, cutoff values for CK19 and CEA mRNA were 
predetermined, and these levels were then validated in the 
subsequent validation set. From the results of the ROC curve of 
the training set, cutoff levels were decided at 61 copies for CK19 
mRNA and 329 copies for CEA mRNA (data not shown). 

Transcription-reverse transcription concerted reaction V5 
histopathology 

Figure 3 shows the differences in the copy numbers of the CK19 
and CEA mRNA after the TRC tests according to the classification 
of metastasis. In this study, 4 ITC cases, 10 micrometastases cases 
and 36 macrometastases cases were observed by permanent 
histopathological testing. The mean copy numbers ( ± s.d.) of 
CK19 mRNA were 2.8 ± 6.7 in metastasis-free, 19.8 ±23.2 in ITC, 
1377.212384.3 in micrometastais and 89237.6 ± 163620.8 in 
macrometastases cases. In the CEA mRNA, they were 14.8 ± 49.7 
in metastasis-free, 18.3 ±22.9 in ITC, 536.0 ± 835.3 in micro- 
metastases and 95030.8 ± 235145.3 in macrometastases cases. Mean 
copy numbers of CK19 and CEA mRNA increased significantly 
according to the metastatic size. There were no significant 
differences in copy numbers between the metastasis-free and the 
ITC group. These results show that increases in the copy number 
of CK19 and CEA mRNA after TRC are associated with the size of 
the metastasis of SLN. 

Table 2 shows the sensitivity, specificity and concordance rates 
of CK19, CEA and CK19 and/or CEA (CK19/CEA) mRNA levels by 
TRC tests against the intraoperative and permanent pathological 
tests. In comparison with the intraoperative diagnosis of the 
training set, the CK19 single marker group showed high sensitivity 
(100%) and specificity (98.0%), with levels almost the same as 
those of the CK19/CEA double marker group (100% sensitivity, 
96.1% specificity) (Table 2A). However, the CK19 single marker 
showed a lower sensitivity (81.8%) than CEA/CK19 (100.0%) in 
comparison with the permanent pathological test, which is known 
as the 'gold standard'. The CEA single marker also showed low 
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Figure 2 Sensitivity tests of the TRC method using standard RNA and MCF7 cells. Sensitivities of TRC tests for CKI9 and CEA mRNA were examined 
using the standard RNA samples (A, B) and MCF7 cell lines (C, D). Serial dilution of standard RNA of CKI9 (A: from 50 to 3 x 10^) and CEA (B: from 
50 to I X 1 0^) were used for TRC tests. Serial dilution of CK 1 9 and CEA-positive MCF7 cells ( from 1 0 to I x 1 0^) were mixed with PBMC ( 1 0^ cells), and 
CKI9 mRNA (C) and CEA mRNA (D) were measured using the TRC tests. 



sensitivities in the intraoperative (57.1%) and permanent tests 
(63.6%). In the vaHdation set, sensitivities of the single marker 
groups of CK19 and CEA were lower than the CK19/CEA double 
markers (Table 2B). When compared with the intraoperative test, 
sensitivities were 95.5% in CK19, 68.2% in CEA and 100.0% in 
CK19/CEA. In comparison with the permanent pathological test, 
they were recorded at 62.8% in CK19, 77.1% in CEA and 97.1% in 
CK19/CEA. In contrast, specificities of these groups showed high 



levels in the intraoperative test (99.2% in CK19, 90.2% in CEA and 
CK19/CEA) and the permanent test (100.0% in CK19, 99.2% in 
CEA and CK19/CEA). These results suggest that the TRC test with 
CK19/CEA double markers showed high sensitivity and specificity 
when compared with the permanent pathological tests. 

Furthermore, we examined whether the TRC test can distinguish 
the micrometastasis and macrometastasis in histologically positive 
SLNs. By setting up new cut offs depending on the size of 
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metastases, we were able to distinguish between the micro- and 
macrometastasis. These cutoff levels were 6146 copies for CK19 
and 2207 copies for CEA, and they were determined by being based 
on the mean + 2s.d. copy number of the micrometastatic group. 
The accuracy of the TRC test for detection of micro- or 
macrometastasis was 54.3% in the CK19 marker, 63.0% in the 
CEA marker and 91.3% in the CK19/CEA markers (Table 3). These 
results suggested that double markers of CK19 and CEA are useful 
to distinguish between micro- and macrometastasis. 

Discordant cases 

In all patients combined the training and validation, sensitivity, 
specificity and concordance rates of TRC with CK19/CEA double 
markers to permanent pathological tests were 97.8%, 99.5% 
and 99.2%, respectively (Table 4A). Among these results, two 
discordant cases were observed. One case was TRC negative and 
histopathology positive. In this case, CK19 mRNA-positivity was 
demonstrated by a TRC assay of residual serial sections of the 
same block. The other case was TRC-positive and histopathology- 
negative. Here, micrometastasis was observed by the histopatho- 
logical serial sections of the same block. After correction of these 
two cases, the final sensitivity, specificity and concordance rates of 
CK19/CEA to the permanent pathological tests rose to 100% 
(Table 4B). 



DISCUSSION 

In the present study, we demonstrated that a novel rapid diagnosis 
of SLN metastasis by a TRC method using double genetic markers 
CK19/CEA mRNA showed the high sensitivity, specificity and 
concordance rates to permanent histopathological tests in the 
training and validation sets. 
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Figure 3 Cytokeratin 1 9 and CEA copy nunnbers as determined by the 
TRC test and metastasis size. Copy numbers of CKI 9 (A) and CEA mRNA 
(B) were plotted in the metastasis-free group (n = 2 1 3), the ITC group 
(n = 4), the micrometastasis group {n= 10) and the macrometastasis group 
(n = 36). The dotted lines show the cutoff levels of CK 1 9 mRNA (6 1 copy/ 
test) and CEA mRNA (329 copy/test). Solid lines show the mean levels of 
CKI 9 and CEA mRNA in each metastatic group. *P<0.0 1 (metastasis-free, 
ITC vs micrometastasis ),^P<O.OI (metastasis-free, ITC, micrometastasis vs 
macrometastasis). 



Diagnosis of accurate nodal staging is important in the selection 
of the patients who need adjuvant chemotherapy. To supplement 
the low sensitivity of intraoperative conventional histopathology, 
several studies have looked at molecular methods as a means for 
detecting metastases in SLN (Kurosumi et al, 2007). Two 
commercially available systems, the GeneSearch BLN assay and 
one-step nucleic acid amplification (OSNA) assay, have been 
reported previously as rapid intraoperative methods to detect 
SLNs in breast cancer patients (Julian et al, 2008; Tamaki et al, 
2009). Another novel molecular system, the TRC system, is of 
interest. This is an RNA direct amplification system based on 
amplification of the isothermal RNA sequence in the presence of 
an INAF DNA probe, and the progress of amplicon production can 
be monitored in real time by measuring the fluorescence intensity 
of the reaction mixture. The TRC test is performed under a 
constant temperature (43 °C) without any need for the three steps 
(denaturing, annealing and extension) of thermal cycling required 
for PCR. Therefore, the reaction itself is completed in only 20 min, 
and even if we include RNA elution, the test can be completed 
within 30-40 min. The rapidity and simplicity of the TRC 
technique is superior to the usual RT-PCR format. Previously, 
the usefulness of the TRC assay for molecular diagnosis of free 
tumour cells in peritoneal lavage fluid of gastric cancer patients 
has been reported (Fujiwara et al, 2007; Ohashi et al, 2007). We 
have also demonstrated that the detection of CEA mRNA in 
peritoneal washings by TRC provides a useful and rapid genetic 
diagnosis for the prediction of peritoneal recurrence in colorectal 
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Table 2 Comparison of TRC and pathological tests in (A) training and (B) validation sets 
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(A) 



TRC test 
(n= 109) 



Intraoperative pathological test 



Sensitivity, 
% (n = 7) 



Specificity, 
% (n= 102) 



Concordance 
rates, % (n = 1 09) 



Permanent pathological test 



Sensitivity, 
% (n= I I) 



Specificity, 
% (n = 98) 



Concordance 
rates, %(n= 109) 



CKI9 
CEA 

CKI9 and/or CEA 



100.0 (7/7) 
57.1 (4/7) 
100.0 (7/7) 



98.0 (100/102) 

97.0 (99/102) 

96.1 (98/102) 



982 (107/IC 
94.5 (103/IC 
96.3 (105/IC 



81.8 (9/1 I) 
63.6 (7/11) 
100.0 (I I/I I) 



100.0 (98/98) 
100.0 (98/98) 
100.0 (98/98) 



982 (107/IC 
96.3 (105/IC 
100.0 (109/IC 



(B) 



TRC test 
(n=l55) 

CKI9 
CEA 

CK 1 9 and/or CEA 



Intraoperative pathological test 



Sensitivity, 
% (n = 22) 

95.5 (21/22) 
682 (15/22) 
100.0 (22/22) 



Specificity, 
% (n= 133) 

992 (132/133) 
902 (120/133) 
902 (120/133) 



Concordance 
rates, % (n= 155) 

987 (153/155) 
87.1 (135/155) 
91.6 (142/155) 



Permanent pathological test 



Sensitivity, 
% (n = 35) 

62.8 (22/35) 
77.1 (27/35) 
971 (34/35) 



Specificity, 
% (n = I 1 9) 

100.0 (120/120) 
992 (I 19/120) 
992 (I 19/120) 



Concordance 
rates, % (n= 155) 

91.6 (142/155) 
942 (146/155) 
987 (153/155) 



Abbreviations: CEA = carcinoembryonic antigen; CKI 9 = cytokeratin 19; n = number of SLN (sentinel lymph node); TRC = transcription concerted reaction. 



Table 3 Relationship of TRC test and metastasis classification by 
permanent pathological test 





Sensitivity to 


Sensitivity to 




TRC test 


m i c ro m etas tasi s. 


macrometastasis. 


Accuracy, 


(n = 46) 


% (n= 10) 


% (n = 36) 


% (n = 46) 


CKI9 


70.0 (7/10) 


50.0 (18/36) 


54.3 (25/46) 


CEA 


40.0 (4/10) 


69.4 (25/36) 


63.0 (29/46) 


CKI 9 and/or CEA 


90.0 (9/10) 


9 1 7 (33/36) 


9 1 .3 (42/46) 



Abbreviations: CEA = carcinoembr/onic antigen; CKI 9 = cytokeratin 19; TRC = 
transcription concerted reaction. 

cancer patients (Hayama et a/, 2007). However, until recently, the 
fact that the commercially available TRC reagent only detected 
CEA mRNA has meant that this system could not be applied to 
SLN in breast cancer patients. 

Regarding the marker of the breast cancer cell, Tsujimoto et al 
(2007) reported that 20 cases (2.2%) of 896 breast cancer patients 
are CK19 negative (Tsujimoto et a/, 2007). We have also confirmed 
that about 2.0% of breast cancer patients did not express the CK19 
mRNA in primary tissue (data not shown). Furthermore, recently 
it has been reported that cancer stem cells are often characterised 
by down regulation of epithelial markers including cytokeratin 
(Pantel et al, 2008). If only the single marker CK19 mRNA is used, 
there is a risk that certain highly aggressive cancer stem cells may 
avoid diagnosis. To resolve this problem, we selected double 
markers CKI 9 and CEA mRNA for detection of metastatic SLNs. It 
has been reported that high expression of CEA mRNA is detectable 
in lymph nodes with metastatic breast cancer (Mitas et al, 2001). 
Ghaffari et al (2006) reported that CEA mRNA showed 95% 
sensitivity for breast cancers and 100% sensitivity for metastatic 
lymph nodes, and Kataoka et al (2000) applied the CEA mRNA for 
the detection of SLNs (Kataoka et aly 2000). By selecting double 
markers in our study, false-negatives were reduced and this 
resulted in the high sensitivities to the permanent pathological test 
(100% in the training set and 97.1% in the validation set). The 
specificities of CKI 9 and CEA mRNA to the permanent 
pathological test were 100% in both the training and validation 
tests, and these levels were higher than that of the CKI 9 and CEA 
mRNA single marker groups. Positive and negative concordance 
rates between TRC and the permanent pathological tests were 
100% in the training set and 99.2% in the validation set. Recently, 



the commercially available alternatives for rapid molecular 
detection of SLN, the OSNA assay (Sysmex, Kobe, Japan), have 
been applied for clinical diagnosis. In the OSNA assay, which used 
the CKI 9 single marker, it was reported that in an examination of 
346 ALNs from 32 patients, sensitivity was 96.3%, specificity was 
94.7% and the concordance rate was 94.8% (Visser et al, 2008). 
In an analysis of 343 SLNs from 93 breast cancer patients, similar 
results were reported, which is sensitivity of 98.1%, specificity 
of 90.8% and a concordance rate of 91.8% (Schen et al, 2009). 
From these results it is clear that the TRC test using CKI 9 and CEA 
mRNA showed high sensitivity and specificity as compared with 
the OSNA tests. 

Quantif lability of the diagnostic method of SLN metastasis is 
important because lymph nodes with ITC were considered 
negative based on the concordance of the UICC 6th and AJCC 
6th edited TNM classification. Our results showed that the TRC 
method is helpful in the quantification of metastasis size. By using 
the double markers of CEA and CKI 9, the TRC test enables 
division of micrometastasis and macrometastasis with 91.3% 
accuracy. The TRC assay can be performed and interpreted by a 
trained technician without the need for a pathologist. Furthermore, 
the assay can enable an evaluation of all cellular material from the 
tissues to be obtained. In the future, we are planning to use whole 
SLN for this test in order to eliminate the sampling error in the 
portions dedicated to the assay. These advantages may also 
support the clinical application of the TRC method. To the best of 
our knowledge, this is the first validated study to demonstrate the 
usefulness of the TRC assay as an intraoperative molecular 
diagnosis for detection of metastasis of SLN in breast cancer 
patients. 

In this study, we experienced two cases that showed discre- 
pancies between the TRC and histopathological test. However, 
the results of the IHC staining of the serial sections of the 
same residual block, made it clear that this disagreement is 
related to the location of the SLN metastasis. As the TRC 
assay is applicable not only to the tissue sections but also the 
whole SLNs, we do not consider these disagreements to be 
significant. 

In conclusion, we have developed a new CKI 9 reagent for the 
TRC assay, and demonstrated that CKI 9 and CEA mRNA detection 
with the TRC test is a useful tool for accurate and rapid 
intraoperative molecular diagnosis of SLN metastasis in patients 
with breast cancer. 
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Table 4 Comparison of TRC and pathological tests in combined sets of training and validation (A) before and (B) after reexamination of the 
disagreement samples 



(A) 



Intraoperative pathological test 



Permanent pathological test 



TRC test (n = 264) 

CKI9 
CEA 

CKI9 and/or CEA 



Sensitivity, 
% (n = 29) 

95.5 (28/29) 
65.5 (19/29) 
100.0 (29/29) 



Specificity, 
% (n = 235) 

98.7 (232/235) 
93.2 (219/235) 

92.8 (218/235) 



Concordance 
rates, % (n = 264) 

98.5 (260/264) 
90.2 (238/264) 

93.6 (247/264) 



Sensitivity, 
% (n = 46) 

67.4 (31/46) 
73.9 (34/46) 
97.8 (45/46) 



Specificity, 
% (n = 2l8) 

100.0 (218/218; 
99.5 (217/218; 
99.5 (217/218; 



Concordance 
rates, % (n = 264) 

94.3 (249/264) 

95.1 (251/264) 

99.2 (262/264) 



(B) 



TRC test (n = 264) 



Intraoperative pathological test 



Sensitivity, 
% (n = 29) 



Specificity, 
% (n = 235) 



Concordance 
rates, % (n = 264) 



Permanent pathological test 



Sensitivity, 
% (n = 47) 



Specificity, 
% (n = 2l7) 



Concordance rates, 
% (n = 264) 



CKI9 
CEA 

CKI9 and/or CEA 



96.6 (28/29) 
65.5 (19/29) 
100.0 (29/29) 



98.3 (231/235) 

93.2 (219/235) 

92.3 (217/235) 



98.1 (259/264) 

90.2 (238/264) 
93.2 (246/264) 



68.0 (32/47) 
74.5 (35/47) 
1 00.0 (47/47) 



100.0 (217/217) 
100.0 (217/217) 
100.0 (217/217) 



94.3 (249/264) 
95.5 (252/264) 
100.0 (264/264) 



Abbreviations: CEA = carcinoembryonic antigen; CKI 9 = cytokeratin 19; n = number of SLN (sentinel lymph node); TRC = transcription concerted reaction. 
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